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CLEO has studiedB decays tow€v, pfv, and wfv, where { = e or u, by incorporating the
missing momentum into fullB reconstruction. With the3® and B* modes combined according to
isospin predictions for the relative partial widths, we obt@fB° — 7 £*v) = (1.8 = 0.4 + 0.3 *
0.2) X 1074 and B(B® — p €*») = (2.5 + 0.47035 + 0.5) X 1074, where the errors are statistical,
systematic, and the estimated model dependence. We also esfifpdte= (3.3 = 02393 +0.7) X
1073, [S0031-9007(96)01807-8]

PACS numbers: 13.20.He, 12.15.Hh, 14.40.Nd

The Cabbibo-Kobayashi-Maskawa matrix [1], whichtimes larger [6], we use(E,,p,) = (|Pmiss, Pmiss)
rotates the quark system from the physical to the weako calculateAE andM,,¢,.
eigenstates, provides a mechanism 6P violation. Information from specific ionization is combined with
To determine whether the Cabibbo-Kobayashi-Maskawa&alorimetric and tracking measurements to identify elec-
(CKM) matrix is indeed the source afP violation, it  trons withp > 600 MeV/c over 90% of the solid angle.
is essential to measuré,,, the CKM element coupling Particles registering hits in counters deeper than five inter-
the » andu quarks. A nonzero value fdiv,,| has been action lengths over the polar angle rarigmsé| < 0.85
demonstrated [2,3] at th&' (4S) by the observation of are considered muons. Those with hits beyond three
leptons in a high momentum range accessiblebte» interaction lengths ovetcosf| < 0.71 are used in a
ufv decays but rarely reached in the dominant> c€r  multiple-lepton veto, described below. Candidate lep-
process. The values fdV,,| so obtained have large tons must havep; > 1.5 GeV/c¢ for the # modes and
theoretical uncertainties because the details of hadronizg» > 2.0 GeV/c for the p andw (vector) modes, which
tion significantly affect the Ilepton spectrum in can couple to th&/ helicities*1 and hence have a harder
this range. spectrum. The identification efficiency abouvé GeV/c
Study of exclusiveb — ufv channels, where the averages over 90%; the probability that a hadron is
theoretical challenge is the form factor calculation, pro-misidentified as a electron (muon), a “fake lepton,” is
vides an alternate route tp/,,|. The CLEO experi- about 0.1% (1%).
ment at the Cornell Electron Storage Ring (CESR) has A 7° candidate must havejay mass within 2 standard
set an upper limit [4] in the combined modes ¢*v,  deviations of ther? mass. We study thes via its
p%* v, andwlv. This Letter presents a new CLEO 77~ 7% decay; we reduce the combinatoric background
study of B® — 7 ¢*v, B* — 7% v, B> — p~€¢*v, Dby rejecting combinations away from the center of the
BT — p%*y, Bt — wt'v, and charge conjugate de- Dalitz plot.
cays, wheref = ¢ or u, in an Y(4S) data sample of Backgrounds arise from the"e™ — ¢g, "7~ contin-
2.66 fb~! (2.84 X 10° BB pairs). uum, fake leptonsh — c€v, and otheh — uf» modes.
The CLEO detector [5] contains three concentric wireContinuum backgrounds are reduced tenfold with 70%
chambers within a 1.5 T superconducting solenoid thasignal efficiency by comparing the thrust axis of the candi-
detect charged particles over 95% of the solid angle. Thdatem{ pair to that of the other particles. For the signal,
momentum resolution & GeV/c is 0.6%. A CsI(Tl) the randomB daughter orientations determine the axes,
electromagnetic calorimeter, also inside the solenoid, cowvhile for the jetty continuum, the axes are nearly parallel.
ers 98% of4w. A typical 7° mass resolution is 6 MeV. We determined the residual continuum background using
Charged tracks are assigned the most probable mass baskda collected 60 MeV below th¥(4S) energy and the
on specific ionization, time of flight, and the relative ratesfake lepton background by applying measured fake rates
for proton,K*, and# ™ production inB decay. to nonleptonic data. Thip¢| cuts eliminate background
The undetected neutrino complicates analysis of semfrom b — ¢ — s€v and bias againgt — c¢€v. All crite-
leptonic decays. Because of CLEQO’s hermeticity, we camia were studied with background and signal Monte Carlo,
reconstruct the neutrino via the missing enerfy,;(s =  not data, to avoid inducing false signals.
2Ebeam — 2 E;) and missing momentum ﬁgnm = Backgrounds, particularlyy — ¢€v, can smear into
— > pi)in each event. Inthe processe™ — Y(4S) —  the signal AE, M,,,) region whenP,,; misrepresents
BB, the total energy of the beams is imparted to B¢  p,. Such backgrounds are highly suppressed by reject-
system; at CESR, that system is at rest. The neutrining events with multiple leptons or a nonzero total charge,
combined with the signal leptorfand mesonr) should  jngications of missing particles, or with2;,, = EZi —
thus satisfy the constraints on ener@y; = (E, Bt |Pnil? inconsistent with zero. Still, Monte Carlo stud-
En) = Eveam = 0and on momentunid,,,¢, = [Ebeam =  ies show that the dominant remainibg— c{v events
|P» + Pe + Pul’]: = Mp. Signal Monte Carlo (MC) contain either ak; or second neutrino (frone — s¢»
events have dP.;.| resolution of 110 MeV/c after  with the lepton not identified) roughly colinear with the
all cuts. Because the resolution df, is about 2.5 primary neutrino.
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We fit to extract the rates, binning the data in eachnormalizations obtained are consistent with that derived
mode coarsely over the region5.1075 = M,,¢, < from the luminosity and theY(4S) production cross
5.2875 GeV, |AE| < 0.75 GeV). The choice of bin- section. A typicaly?is 145 for 169 degrees of freedom.
ning balanced separation of signal and background We simulate signal and cross feed using several mod-
against adequate bin statistics and minimized reliancels: ISGW Il (a nonrelativistic quark model) [8], three
on detailed MC shape predictions. To examine yieldsrelativistic quark models [9—11], and a hybrid model with
efficiency, and kinematics, we use the most sensitivex 7€» form factor based on dispersion relations [12] and
bin (the “signal bin")5.265 = M,,¢, < 5.2875 GeV and p{v form factors from lattice calculations [13] extended
—0.15 = AE < 0.25 GeV, though neighboring bins also to low ¢* using form factor relations [14,15]. Most model
contribute information to the fit. For comparison, the dependence results from variation of efficiency wjthin-

AE and M,,¢, resolutions are about 110 and 7.5 MeV, duced by the p¢| cuts. The fitted yields (not efficiency
respectively, dominated by the resolution bp,|. In  corrected) vary with the model because the reconstruction
the pfv (w€¢v) modes, we further divide the yields into and cross feed probabilities have differgAtshapes.

five (four) equal bins over ther7 (37w) mass range In Fig. 1 we show theM,,,, (AE) distributions in the
within =475 MeV (—60 to +100 MeV) of the nominal AE (M,,,) signal band. An excess over background is
p (w) mass. The2w (37) mass interval=285 MeV  apparent in both ther and vector meson modes. The
(£20 MeV) is used for yields and figures fop (w) lepton momentum spectra for events in i, ¢, , AE)
candidates. signal bin are also plotted; significant rates beyond

MC simulation provided the distributions in each mode2.4 GeV/c, the approximateb — c¢€v end point, are
for signal, theb — ¢ background, the cross feed amongclear. Table | lists the data yields, the continuum and fake
the modes, and the feeddown from higher m#&ss>  lepton backgrounds, and the results from the ISGW Il fit,
H,fv decays. It included a full description of the all in the signal bin. Ther# (37) mass distribution for
b — ¢ and charm decay modes and a GEANT-basedhe combineg v modes @€ mode) is shown in Fig. 2.

[7] detector model. The?,{v feeddown was evaluated A clear excess is observed at thanass. Thev{» mode
with the ISGW Il model [8] for all resonances through is consistent both with the level expected given s

the p(1450). The observed rate [2] near the lepton-rate and with pure background.

momentum end point fixed the normalization of this To check for a nonresonant7{v background, we
component. compare these fits to fits with,,¢, and AE only for

We fit the continuum- and fake-subtracted data in thdm,, — m,| < 95 MeV, with and without 77 mass
five modes simultaneously. The isospin and quark symsideband subtraction. The results are consistent with
metry relationsI'(B* — 7 €*v) = 2I'(B* — #%*"v) those obtained above, suggesting that the nonresonant
and T'(B"— p ¢tv)=2I'B" — p%*v)=2I'(B" —  contribution is small. We also studg — 7°7%v,
w{* v) constrain the rates faB* relative toB°. Hence which can have nonresonant contributions only, and
we fit for two independent yieldsy,- andN,-. Equal find that the predicted cross feed from tpemodes is
charged and neutraB production, f+_- = foo, iS as- consistent with saturating the observed rate. The bias in
sumed. For self-consistency, the cross feed rates atbe pfv (7 {€v) yield from nonresonantr7{v is limited
constrained to the observed yields. The— ¢ normal-  to 20% (5%) by fits that include the — #°7°¢» mode
ization in the fit varies independently for each mode. Theand a nonresonant component generated from an inclusive
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FIG. 1. M,y (left), AE (center), and p.| (right) in the AE and M,,,, signal bands and the signal bin, respectively, for the
combinedw (top) and vector (bottom) modes. The data (points) are continuum and fake subtracted. The coarse crosshatch, grey,
and unshaded compenents are» ¢X, B — H,{v, and signal, respectively. For the (vector) modes, the fine crosshatch shows
vector— 7 (7 — vector) and the single hatcl;, — 7 (vector— vector) cross feed. Normalizations are from the ISGW Il fit.

The dashed vertical lines show the binning in the signal bands in the fit. The arrows indicgte|tbets.
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TABLE I. Summary of data yields in the signal bin and the corresponding ISGW 11 [8] efficiencies and fit results. The errors on
the fitted signal yields are completely correlated within the twonodes and within the three vector modes.

- 0 p* p° w
Y (4S) yield 46 19 47 73 7
Continuum+ fake bkg. 9.8 2.1 1.5+ 05 95 + 2.1 58 +1.2 03 +0.8
Efficiency (ISGW II) 0.023 0.015 0.015 0.024 0.006
Signal yield from fit 26.6 * 6.1 8.6 =20 19.5 = 3.3 15.1 =25 3.5+ 0.6
b — ¢ bkg. from fit 70 £ 1.2 29 +0.8 152 = 1.8 215 £ 22 46 + 1.1
b — u bkg. in fit 0.5 * 0.1 02 + 0.1 27 0.2 29 +0.2 0.5+ 0.1
Cross feed bkg. from fit 4.1 0.8 1.5+03 49 + 09 134 £ 25 0.8 =02

spectatorb — ufv model and aw7 mass spectrum For each model, the branching fractions, isospin rela-
that is either ap lineshape or the dipion shape from ations, and predicteg, spectral shapes can be combined
hadronization model. to obtain a total rate for the five modes into the ranges
Table 1l summarizes the contributions to the systemati@.4 < p, < 2.6 GeV/c (where 7, p, and @ should be
errors. Uncertainty in the decay model of the nonsignathe dominant modes) an2i3 < p, < 2.6 GeV/c (used
B and inaccuracies in detector simulation constitute thén the inclusive|V,,| measurements). For the smaller
dominant contributions. These effects were investigatedange, we find our rate is consistent with saturation of the
by varying the K} fraction, charm semileptonic decay inclusive rate measured at CLEO [2], and we obtain the
rate, charged particle and photon-finding efficiencies, fals®0% C.L. upper limit of0.44 X 10~* on the combined
charged particle and photon simulation, charged parbranching fraction of all other modes into this range. For
ticle momentum resolution, and photon energy resoluthe broader range, we obtain the lini03 x 10~4.

tion. Variations in the rates foB — D™ X¢v and for Table Il lists the values extracted folV,,| from
feeddown from higher mass8 — H,fv lead to small these branching fractions and the predicted partial widths,
changes only. assumingrgo = 1.56 = 0.05 ps andrg/7p- = 1.02 =

The branching fractions forB’ — 7 ¢*» and 0.04 [16]. To obtain|V,,la.., the data were refit with
BY — p~¢*v are listed in Table Il for each model. The the 7/p ratio fixed to the prediction of each model.
predicted and observed/ 7 ratios are generally consis- Correlations in the modes from our fitting procedure are
tent, though the probability that the Kérner and Schuleithereby accounted for; we also account for correlated
model [10] is consistent is under 0.5%. We choose tsystematics. Averaging over the the different models, we
exclude this model in averages. The four remainingiind |V,;,| = (3.3 = o.zig;i + 0.7) X 1073, where the
models give B(B" — wt¢ v) = (1.8 + 0.4 = 0.3 =  errors are statistical, systematic (includiBg lifetime),

0.2) X 1074 and B(B* — p* ¢ ») = (2.5 = 04705 =  and estimated model dependence. This agrees with the
0.5) X 107*, where the errors are, in order, statistical,value of |V,,| obtained from the inclusive end point
systematic, and an estimate of the model uncertaintyate [2].

based on the spread of models and individual model er- These are the first exclusive— u branching fraction
rors. The averagp/w rate ratio isl.470$ + 0.3 + 0.4.  measurements. The value fdr,,| obtained lends con-
siderable confidence to previously determined values.

We thank G. Burdman, J. Flynn, N. Isgur, D. Scora,
and B. Stech for assistance with form factor models.
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= [ ' E TABLE Il. Contributions to the systematic error (%) in each
= ‘1"3:' & B z branching fractionB) and the ratio of rates. Simulation of the
g 140 = detector and the secorRicontribute tor simulation.
T a0 . 0.7 0 0.8 1.0
E = Source B, B, ratio
w 20p : v Simulation 14.5 14.8 12.7
: ~  B—D/D'X{v 2.1 3.2 3.9
10} 2 Fakes+ continuum 5.4 6.7 8.6
; ) T b — ufv Feeddown 2.2 7.5 9.8
l.n_s 1.0 . .1_5 ,u_5 e 1.0 15 = Lepton |D 2.0 2.0 2.0
7w Mass (GeV) % 7° Mass (GeV) Luminosity 2.0 2.0 -
L . f+77'+/f()07'0 3.2 1.9 3.3
FIG. 2. Reconstructed mass distributions for— 77 (left), Nonresonantr 7€ v -50 —20.0 -16.0
w — 3 (top right), and form*7° from B — #°7%v (bottom  Total +16.3 +18.4 +19.0
right) in the (M,,¢,, AE) signal bin. Figure 1 describes the ~17.0 —272 —248

components. The arrows indicate the mass ranges fit.
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TABLE lll.  Final results for each model, with'y = yx|V,,|> = I'(B® — X ¢*v)/10'> and By = B(B" — X ¢*v). Ay’ is
the xy* change (systematics included) from the best fit to a fit wifiy, fixed to the prediction. The statistical errors on the ratio
are defined byA y2 = 1; these errors are highly non-Gaussian. A third error is from estimated form-factor uncertainties.

Model ISGW I [8] WSB [9] KS [10] Melikhov [11] Hybrid [12—15]
Yps Y (s71) 14.2,9.6 2.1,7.4 33.0,7.3 11.8 34,76 = 1.7 138 =4.0,13.5 * 9.1
B,./107* 20+05+03 18+05+03 19+05+03 18*04+03+02 17+04=*03=02
B,/107* 22+ 0470¢ 2.8 = 0.5703 1.9 = 03704 28 + 05703 04 2.1 + 0470 + 04
r,/Ty 11593403 1.6707404 1.0503703 16703503 = 0.1 1253578307
Ay? 0.5 3.1 8.1 0.2 0.4
[Vip | /1073 37+04+03 40*05*03 41*05*+03 39=*05*03=*05 29+ 03 + 0253
[Vupl, /1073 3.2 + 03503 2.6 = 02507 2.0 = 02793 40 + 0470¢ = 0.6 3.1 + 03503703
[Vip lave /107 3.4 + 02703 29 + 02593 22+ 0.1793 40 +0270¥ + 05 3.1 02753 + 05
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